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* Solar axions and helioscopes

* Helioscope generations: BabylAXO and IAXO
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» Background studies
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Solar axions and helioscopes N\XO CGAPA
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Helioscope generations WN\XO CGAPA

1078
CAST * The most sensitive helioscope so far

 Has reached similar level to HB stars bounds q
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BabylAXO baseline technology N\XO CGAPA

Current baseline technology is Micromegas but there are other
technologies under study (GridPix, MMC, SDD, TES)

« 3 cm drift distance Gaseous Time Projection Chamber
» Microbulk Micromegas readout

( radiation « 50 MM amp|ification gap
gas volume « 120 x 120 strips (6 x 6 cm?)
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BabylAXO Micromegas detectors WN\XO CGAPA

BabylAXO background requirements: 107 c/keV/cm?/s in the ROI (1-10) keV

IAXO-D1: state of the art on ultra-low background techniques

« Radiopurity

Lead Scintillators
» Shielding £d "
e Passive: 20 cm of lead | d:;z}c,tor
* Radiopure copper: 2.5 cm N

 Active veto system (plastic scintillators) for
cosmic rays and secondaries

« Event discrimination strategies
« Micromegas: event topology (x-ray events) NS \ &' ' Copper

« Veto system: multiplicity SIS SSSSNRN S Pipe
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BabylAXO Micromegas detectors WN\XO CGAPA

BabylAXO background requirements: 107 c/keV/cm?/s in the ROI (1-10) keV

IAXO-D1: state of the art on ultra-low background techniques

« Radiopurity

Lead Scintillators
 Shielding = x
« Passive: 20 cm of lead , “ray
. N\ N detector
» Radiopure copper: 2.5 cm | .
 Active veto system (plastic scintillators) for |
cosmic rays and secondaries \
« Event discrimination strategies \ B
* Micromegas: event topology (x-ray events) ' \ &\L ' Copper
« Veto system: multiplicity TS S ' pipe
Background measurements + Simulations
G4
Different prototypes to optimize Background model in progress
background and event discrimination Geant4 simulations + realistic event
strategies reconstruction with REST-for-Physics
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3 cm drift distance Gaseous Time Projection Chamber
3 cm drift distance Gaseous Time Projection Chamber
3 cm drift distance Gaseous Time Projection Chamber
3 cm drift distance Gaseous Time Projection Chamber
3 cm drift distance Gaseous Time Projection Chamber

BabylAXO Micromegas detectors WN\XO CGAPA

Sufiace level Underground
Laboratorio Subterrdneo de Canfranc
Cosmic muon flux reduced by a factor 104
Zaragoza CEA-Saclay - Now in DESY!

» Effect of multi-layer veto system = Measure background on experimental site

to tag cosmogenic neutrons (in = Intrinsic detector background
addition to muons) = Test of different gas mixtures
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IAXO-D1 prototype at Zaragoza WNXO CGAPA

Goals

 Study of the effect of multi-layer veto system to tag
cosmogenic neutrons (in addition to muons)

» Optimization of background discrimination techniques s
g\

x Electronics 72
AGET) R

Experience from previous prototype (IAXO-DO)
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(8.6 = 1.2) x 107 counts/keV-cm2-s
Frontiers in Physics 12 (2024): 1384415.
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IAXO-D1 at the LSC wN\XO CAPA

Goals
 Study of intrinsic background

« Optimization of the performance with different gas mixtures:
Ar+Isobutane and Xe+Ne+Isobutane
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Phys. Rev. Lett 133.22 (2024): 221005.
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IAXO-D1 at the LSC: background measurements N\XO CGAPA

b
(93]
(=]

T

E Background | E"f Calibration
— 140 —
. " T event T 108k t
Data taking conditions 2 10 .% US_ even
« 99%Ar + 1%lsobutane (premixed) E oo ° £ 100l
« No recirculation R @ : . EY
rd C i C
« HV__, =325V "V‘ 5
* chathode =750V 20 *
[ P: 125 bar ﬂ- 5_ _Ij_,__f;___,1gn___,1!5_ a5 | M
«  Gas flow 2I/h X axis [mm] T Xaxisimm]
x107°
. o 1'6: : :
Analysis T 14k i — Ariso, r<t em
» Background rejection algorithm based Sk
on event topology s o |
« 80% software efficiency T 1= I :
* Energy cut: [2,7] keV = 08l :
o Fidutial cut: r < Tcm S - §
. o 0.6 i |
« 9 events after 39.15 days of data taking > E 1
g 04r (5
m - E
0.2F i
‘a‘i_.(a’;‘(--/(:l ~'E;)]|<e\.c"2.;* - . ll’-h’-h|l"J|r|llli‘!-h|”||-h’-H!“’-’J:“ L 111
(1.7 £ 0.6) x 107 counts/keV-cm?'s oA AL L UL S

Energy (keV)

Maria Jiménez Puyuelo XVII CPAN Days, Valencia 19t November, 2025



IAXO-D1 at the LSC: background measurements N\XO CGAPA
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IAXO-D1 at the LSC: background measurements N\XO CGAPA

Signals from an alpha event

Low gain (alphas)
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IAXO-D1 at the LSC: background status

Argon background level [1-2] x 10-7 counts/keV-cm?-s

Lowest background level achieved with this
technology underground

Yenon background level [5-6] x 107 counts/keV-cm?-s
Not compatible with previous measurements in

Ar+lso at the LSC

Maria Jiménez Puyuelo

Background level (keV~!-cm~2-s71)

g

LN\XO CGAPA
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LN\XO CGAPA
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LN\XO CGAPA

Summary and future prospects

« Micromegas is the baseline technology for BabylAXO

« On-going R&D with different prototypes to explore the necessary techniques to
reach the ultra-low background goals for BabylAXO

Suliiacelevel Underground: LSC
+ zaragoza: v'Measure intrinsic background in Ar
¥ Prototype with full veto system is under v'Underground background with Xe limited
commissioning by Rn contamination from filtering system
0 Optimization of event discrimination
strategies with multi-layer veto system QDifferent strategies to mitigate Rn

contamination while operating with Xe are
currently under investigation

dNew radiopure electronics
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Thank you for your attention
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LN\XO GAPA

CERN Axion Solar Telescope
« More than 20 years of experience

« LHC dipole magnet
« L=10m
« Magneticfield=9T

 Solar tracking during sunrise and sunset

* The most sensitive helioscope so far

~ 107°

>

S

<
Coupling limitm, < 0.01 eV

]O—l()
-10 -1
|Gay| < 0.58-1071° GeV~1 (95% C.L)
qu}‘:’
.é“&

Altenmiller, K., et al. "New upper limit on the axion-photon coupling with an extended cast run with a xe-based 1071 = = w il 1
micromegas detector." Physical Review Letters 133.22 (2024): 221005. ' 1y (V)
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LN\XO CGAPA

BabylAXO

Prototype

* Intermediate experimental stage before 10.1007/JHEP05(2021)137
IAXO |

* Two bores of dimensions similar to final
IAXO bores (70 cm diameter)

e L=10m,B=34T
 Detection lines representative of final ones
« Micromegas baseline

« Magnet will test design options of final
IAXO magnet

« Test and improve all systems. Risk
mitigation for full IAX

Physics

« Will also produce relevant physics
outcome

FOM 100 x CAST
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https://doi.org/10.1007/JHEP05(2021)137

LN\XO CGAPA

VAVN®,

FOM 10.000 x CAST
International Axion Observatory ”

Toroidal magnet: 8 bores of 60 cm diameter
« L=20m,B=54T

Dedicated x-ray optics

¢ 0.2 cm? focal spot

Tracking system

« Based on CTA

* 50% Sun-tracking time

8 detection lines

* Micromegas, GridPix, Metalic Magnetic
Calorimeter, Transition Edge Sensors, Silicon Drift
Detectors

10.1088/1748-0221/9/05/T05002
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https://doi.org/10.1088/1748-0221/9/05/T05002
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LN\XO GAPA

IDEALLY
‘. High x-ray detection efficiency in the ROI (0-10 keV)\ * Low energy threshold (100 eV)
 Ultra low background levels: .

« 107 c/keV/cm?/s (BabylAXO)
\ ¢ 108 c/keV/cm?/s (IAXO)

Good energy resolution

J

B — —‘*‘-‘q_ Kapton

Flex cable

CUBE ASIC
preamplifier

e 2 mm
SDD
Pixel
Wire
bond

« . &%
- | .

Microbulk Micromegas GridPix TPC SDD: Silicon Drift MMC: Metallic Magnetic TES: Transition Edge
TPC (U. Bonn) Detectors Calorimeters Sensors
(U. Zaragoza and (Technical U. Munich) (U. Heildeberg and (U. Zaragoza-INMA
CEA-Saclay) CEA-Saclay) ICMAB-CSIC [JCLab)
Maria Jiménez Puyuelo XVII CPAN Days, Valencia
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Micromegas x-ray detectors N\XO CGAPA

. 1.0 ] .
X-ray reaches the active volume through an | '
aluminized mylar window (4 um) e
c
o
n 0.6F i
0
e
wn
. . . % 0.4 i
X-rays ionize the gas in £
vacuum . . ® 4
the conversion region o8 .| |
cathode / entrance window : 0.0 | | | |
4 U=-750V 0 2 4 6 8 10
radiation E (keV)
gas volume
3cm <
primary e” conversion region ring for field shaping
U=-500V
.
——————————————— mesh
U=-350V vy = . : 35
50 um e- avalanche amplification region 3 S Pogsy ooy g davdadl
. 20 . & ... . e =

anode / strip readout
u=o0vVv

The electrons pass through the mesh holes and
are amplified

Electron-ion movement induced signals in the
mesh and strips

=30 -20 -10 0 10

Maria Jiménez Puyuelo XVII CPAN Days, Valencia 19t November, 2025



BabylAXO Micromegas background status

LN\XO CGAPA

T T T T T 1 T T T T T T T T T T 1
—_ i ‘ Xenon B Argonl -
7 | Saclay  Zaragoza |
¥ : + i
~ | DESY _
£
o State of the art (CAST)
‘-I; I =r—=r=——r—r— T T T =
% H i
S } ]
D |
: ]
[ l .
= |
2 | J
=
o
‘a e Underground
% £ ;e st i s et At [ [ m  Surface: passive shielding
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Gas election: Xe-based vs Ar-based mixtures

« BabylAXO background goal is < 107 c-keV'-cm?-s™
* Goals of the IAXO-D1 MM underground setup:

« Test of performance of different gas mixtures (Ar-based and Xe-based)

LN\XO CGAPA

 Study the intrinsic detector background (internal and inner shielding) with the different gases

=
&

Background [ keV'em?2 s |

IIIIIIIII|I|II|IIII|IIII||III|II)(

1 1 1 1 | 1 1 1 . Il 1 1 I 1 1 Il
4 6 8 10 12
Energy [keV]

Typical background spectra with Ar-based mixtures
has the escape peak at ~3 keV (solar axion spectra

has a peak expected in 3 keV)

Maria Jiménez Puyuelo

Gas and window efficiency

1.0 ~

o
o

o
o

b
B

o
S

0.0 A

— Ar
— Xe

39Ar

5-

Qp=0.565 MeV

39K

2 4 6
Energy (keV)

T
10

Xe has a better x-ray efficiency in the RO

XVII CPAN Days, Valencia

Intrinsic background in AAr is
limited by 37Ar, T, , = 269 years

19t November, 2025




Gas election: Isobutane wN\XO CAPA

E = 1%
C |- 2%

Ar + Isobutane gas mixtures

= 5%

E |e2% =3%  =5%

[ [=7%  -10% =15%

with microbulk micromegas R " e R i

4 e

More isobutane: higher 24
|ta g e S % “ Aﬁr?lpliﬁcggnn ﬁeTlg [kwcﬁ] % 100 % ;I:']l?:lliﬁcati{:nz?ield [W?:rﬂ} 160
VO

Figure 6. Dependence of the absolute gain with the amplification field for two microbulk detectors with gaps
of 50 (left) and 25 pm (right) in argon-isobutane mixtures. The maximum gain of each curve was obtained
just before the spark limit. The percentage of each series corresponds to the isobutane concentration.

= 1%

25: o 26: ]
E 24;_ 1o 30 E 242_ ........ = 5%
E 2 a5 E 22 ;2:
B 't't % zu? LT % gu;—
eter energy g w ..':x g 1f
resolution with higher £ o e | €
o ) B 14 | B Mp
% of isobutane 5 i RS
C N . N | -“]' " sl aaaal L b s
1o 19" Absolute gain 1" 10° 1 19" Absolute gain ' 10°

. . . . Figure 7. Dependence of the energy resolution with the absolute gain for two detectors of 50 (left) and
httDS :/ / 1O pSC| ence.io p-O rg/ artl Cle/ 1 O 25 pm-thickness-gap (right) in argon-isobutane mixtures. The maximum gain of each curve was obtained

1088/1748-0221/7/04/P04007 just before the spark limit. The percentage of each series corresponds to the isobutane concentration.
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https://iopscience.iop.org/article/10.1088/1748-0221/7/04/P04007
https://iopscience.iop.org/article/10.1088/1748-0221/7/04/P04007
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LN\XO CGAPA

Gas: 99% Ar + 1% Isobutane @ 1.4 bar

Energy spectra Hitmap
2 6000 Spectra T o0r 180
= C Enfries 113681 E - .
O - Mean 7065 > - Coa T T e s _lig0
5000 — Std Dev 1437 50 - L et .
N C —140
4000 [ 40— —120
C o 100
3000 — 0= "
- -7 80
2000 [ 20— 60
L - e
C N - 40
1000 — 10 - :
u N - 20
B 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I I 1 1 1 ﬂ B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 ﬂ
% ~—"5n00 4000 6000 0G0 10000 12000 14000 0 10 20 30 40 50 60
Amplitude{ADC) X [mm)]
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LN\XO GAPA

« Background rejection based on event topology

* Log-odd distribution is computed for a set of given observables for
calibration and background events

« Cut efficiency fixed at 80% for calibration events in the 5.9 keV peak

* Implemented in REST-for-Physics

§2i
S 012—
3 B —— Calibration
o B —— Background
= 04 ——— Selection
- n
B —
c -
I —_ 0.08—
150 1104
g Background | E'} Calibration B
T b ‘ event T 108f event -
m C ® = n
%_J. 120} ] f'm' ~ '
Ig 110F ey E 4! ;
[ ' [ 0.04
. B0 n
- l | 0.02—
S0 5 0 8 10 15 e T T N T B
¥ axis [mm) ¥ axis [mm] B
0|||||||||\||1 sl Wl b o Lo b b
0 10 20 30 40 50 60 70 80 90 100
odds total
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https://github.com/rest-for-physics
https://github.com/rest-for-physics
https://github.com/rest-for-physics
https://github.com/rest-for-physics
https://github.com/rest-for-physics

Background measurements: Argon in open loop LN\XO CGAPA

>-50:_ - -_:: .'--._; ':_:--.. ._--:. . ‘\.‘g 1-4;_5 ’
Data taking conditions : ) 3 126
« 99%Ar-1%lsobutane 3 |
(premixed) é 0.8
«  HVMesh = 320V-325V S 06F | |
« HVCathode = 750V S gal i
+ P=1.25bar S M
 Gas flow 21l/h 0:||l||
b 2 4 6 8 10 12 14 16 18 20
Energy (keV
Background level after 39.15 days of data taking: 9 counts in [2-7] keV
(1.7 £ 0.6) x 1077 counts/keV:-cm?:s
HVMeSh - 250V e TrackOrigin e TrackEnd \
v' Compatible rate 14 events inside r<2 cm 40_ ' 40_
. after 13.9 days N SR of .
:Egheeﬁzg;?ggg (9 = 2) x 107 alphas/cm?-s °t . °t
gas bottle of " of

.:1 Couﬂt OO-IIII]-IOJIJlzlullll:;olllliollllslollllao U[;I.II‘]_IDIIIIZIDIIIIBIDII“JO““EIOHHGO
X [mm] X [mm]
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Background measurements: Xenon in recirculation LN\XO CGAPA

Nominal gain 4 £ %

o 2.2?1,048 , \
o o R i vt

Data taking conditions E E 1.8
« Xe-Ne-Isobutane b 2 12:

(premixed) ' 5 1of
« HVMesh = 395V oF % 13
e HVCathode = 750V 2o 2 g::
« P=10bar g LS
« Gas flow 2I/h °F 0.2 .

(recirculating) ofis O T E e B 012 14 1618 20
— Background rejection ; =reray e

based on event topology Background level after 45 days of data taking: 33 counts in [2-7] keV,

(5.4 £ 0.9) x 107 counts/keV:-cm?:s

Samg data taking 608 events inside r<2 cm
conditions, except after 15.3 days

HVMesh = 395V -250V (3.66 =0.15)x 10~
alphas/cm?-s

— Dedicated analysis to
reconstruct the alpha tracks
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Background measurements: Argon in recirculation LN\XO CGAPA

Nominal gain

Data taking conditions

o 99%Ar-1%lsobutane
(premixed)

e HVMesh =320V

« HVCathode = 750V

e P=1.25-140bar

 Gasflow 2l/h

Maria Jiménez Puyuelo
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Background level after 65 days of data taking: 49 counts in [2-7] keV,

(5.5 £ 0.8) x 1077 counts/keV:-cm?:s

HVI\/Iesh = 250V TrackEnd

1159 events inside r<2 cm
after 15 days
(7.11 £0.21) x 10>
alphas/cm?-s
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LN\XO GAPA

f emitters in the Rn decay chain but
also, y and x-rays associated

226R 5
t,,= 1600 a
g
= i 222Rn Levels
< Energy (keV) Intensity (%)*  Type Origin* start® End® oM
222pn 12.56455 (-) 22.0 (5) XL Bi Pb-210
ty,=3.8d 12.89 (-) 12.42 (22) XL Bi Pb-214
2 72.805 (-) 7 (4) Xka2 Pb TI-210
= E 72.8725 (-) 3.9 (8) Xka1 Tl Hg-206
o 74.8157 (-) 6.26 (12)  Xka2 Bi Pb-214
EIBP(} zlqpn 21{}PG 74.97 (-) 11 (6) Xka1 Pb TI-210
t,,= 3.1 min t,,= 164 s t,,= 138 d 77.1088 (-) 10.47 (20) Xka1 Bi Pb-214
> ‘32'/ > ‘b/ > 84.9527 (-) 3.8 (19) Xiep1 Pb Tl-210
= E 214g; o i 210g; o] E 87.347 (-) 3.59 (9) XkB1 Bi Pb-214
o t,»= 19.9 min ~ t,,= 5.0 d A
214Pb %/ Elﬂpb (Q/' EDﬁpb
t,,= 26.8 min b= 22.3 a STABLE
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